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ultiple accessory pathways are present in 55% to 15% of 
re-excitation synkome (1,2). The use of 
urgery and electrical ablation to interrupt 
conduction over the accessory atriove~tricu~ar (AV) 
ways requires exact vocalization of tbese conneciions. %t is 
essential, therefore, to identify those patients who have 
more than one accessory AV pathway. The purpose of this 
study is to present electrocardiographic (EC@ clues that 
should make the physician suspect this situation. 
V connections underwent detailed 
electrophysiologic evaluation at our institution. The meth- 
ods used hpve been described elsewhere (3). Studies were 
perform er informed patient consent was obtained and 
were ap d by our institutional committee on research. 
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Seventeen patients were found to ave more than one 
during i~trao~erat~ve mapping (8 pa- 
lsiologic study (17 patients). or both. 
cs of these patients are presented in 
Table I. We carefully reviewed I2 lead ECGs obtaine 
during sinus rhythm, regular narrow S tachycardia, reg- 
ular wide QRS tachycardia and atrial rillation an,d after the 
intra&/enous injection of a drug (a.jmaline or procainamide) 
that prolongs the refractory period of the accessory AV 
pathway. 
The following KG fi ere faund to be of value in 
recognizing re than 
1. ECG ing art 
(Cases I. 5, 10 and 16) 
tachycardia with two different P wave configurations. This 
paring the ECG duriug orthodromic and antidromic circus 
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Table 1. Data on Gender. Age, Clinical Arrhythmia and 
Localization of the Accessory AV Pathways in the 17 Patients 
With Multiple Accessory Pathways 
Case Age lyrV 
No. Gender Clinical Arrhythmia Localization 
I 21/M 
2 2UF 
3 19iM 
4 It/F 
5 12/M 
6 IS/M 
7 J&/M 
8 23/M 
9 16/M 
IO 30/F 
II 2OlM 
I2 29/F 
Al0 
AIOIAF 
#O/VF 
Al0 
A 
A 
NA 
Al0 
AIONF 
AF 
O/AF 
NA 
AS. LL. RPS 
LL. LPS 
LL. LPS 
RL. LL 
RL. LPS 
LPS. NV 
RL. NV 
RPS. LPS 
RL. LPS 
RL, LL. LPS 
LPS. RPS 
RPS. LPS. RL 
LPS. RPS 
LL, LPS 
LL. RL 
LPS. RL. RPS 
LPS. RL 
I3 
I4 
IS 
16 
17 
39/M 0 
56/M 0 
29/M 0 
311M 0 
281M 0 
A = antidromic circus movement tachycardia: AF = atrial fibrillation: 
AS = anteroseptal; F = female: LL = left lateral; LPS = left posteroseptal: 
M = male. NA = no arrhythmia documented: NV = nodoventricular: 0 = 
otthodromic circus movement tachyardia: RL = right lateral: RPS = right 
posteroseptal: VF = ventricular fibrillation. 
movement tachycardia or orthodromic circus movement 
tachycardia and atrial fibrillation with exclusive AV conduc- 
tion over the accessory AV pathway in the same patient, we 
observed a “mismatch” between the location of the atrial 
and ventricular ends of the accessory pathway in seven 
patients (Cases I to 4, 8. 9 and II). The location of the 
ventricular end of the accessory pathway was derived from 
the configuration of the delta wave seen during exclusive AV 
conduction over the accessory pathway (during antidromic 
circus movement tachycardia or atrial fibrillation); the loca- 
tion of the atrial end was derived from the configuration of 
the P wave seen during exclusive VA conduction over the 
accessory pathway (orthodromic circus movement tachycar- 
dia) (Fig. 2). 
3. The ECG during atrial fibrillation. Six patients (Cases 
2.3,4,9,10 and 15) had QRS complexes showing more than 
one pattern of pre-excitation during atrial fibrillation, sug- 
gesting the presence of more than one accessory AV path- 
way (Fig. 3). 
4. Spontaneous change from orthodromic to astidromic 
circus movement tachycardis or vice versa. This change, 
seen in two patients (Cases 4 and 15) (Fig. 4), can only be 
explained by the presence of at least two different accessory 
AV pathways (Fig. 5A). 
from one type of antidromic tachy- 
cardia to another. This change, observed in two patients 
(Cases 9 and 12), can only occur in the presence ofat least 
two different accessory pathways (Fig. 5B). 
6. Demonstration sf more than one accessory 
ajmaline or procainamide. three patients 
(Cases I, 4, and 15) showed a sudden change from one 
pre-excitation pattern to another. Depending on the location 
of the accessory pathways, the change may be major (4) or 
minor. Figure 6 indicates the need to record several FCC 
leads simultaneously to recognize the change in 
excitation pattern. Continuation of drug administr 
eventually resulted in block of AV conduction in bot 
accessory AV pathways. 
Programmed electrical stimulation of the heart in patients 
with an accessory AV pathway reveals that more than one 
accessory AV pathway is present in lO% to 15% of patients 
studied in the catheterization laboratory (I ,2). Recognition 
of such pathways is extremely important when surgical or 
electrical ablation of the pre-excitation pathway is consid- 
ered. In a large series of patients with multiple accessory AV 
pathways, Colavita et al. (I) described the importance of the 
electrophysiologic demonstration of I) different patterns of 
ventricular pre-excitation during induced atrial fibrillation or 
flutter or atrial pacing; 2) different sites of atrial activation 
during right ventricular pacing or orthodromic reciprocating 
tachycardia; and 3) pre-excited reciprocating tachycardia 
using a second pathway as the retrograde limb of the 
tachycardia. In this study we carefully evaluated the I2 lead 
KG in patients with multiple accessory AV pathways for 
clues to the presence of more than one accessory AV 
pathway. 
The ECG during sinus r~ytbm. In reviewing this ECG 
information, we determined that the ECG should be studied 
during orthodromic and antidromic circus movement tachy- 
cardia and atrial fibrillation and during the injection of drugs 
that prolong the anterogradc 7 .:fractory period of the acces- 
sory AV pathway. Several investigators (5-g) have reported 
using the ECG during sinus rhythm to locate the accessory 
AV pathway in patients with pre-excitation. To be able to 
locate this pathway on the I2 lead ECG, sufficient pre- 
excitation of the ventricle over the accessory pathway 
should be present. This is indicated by a P delta wave 
interval <lot) ms. a clear delta wave and a QRS width ~120 
ms. Theoretically, if the pattern on an EC6 showing pre- 
excitation is not consistent with one of the described pat- 
terns, more than one accessory AV pathway can be sus- 
pected. The ECG, however, muy be affected by a congenital 
cardiac defect, ventricular hypettrophy or muscle loss as in 
myocardial infarction. Prediction of anterograde AV con- 
duction over more than one accessory AV pathway on the 
ECG during sinus rhythm is therefore difficult. 
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. Case IO. A patient with a right and 
a left free wall accessory 
Qrthodromic circus move 
using a right free wall ac 
Note the positive P” wave in kd& 
C, A left-sided free wall accesso 
(negative P wave in lead I) is u 
orthodromic circus movement tachycardia. 
uri circus ia. A 
mo ful ing V more 
than one accessory pathway is the presence of two types of 
P waves during orthodromic cir 
Differences in P waves require d 
insertion of the accessory pathway 
major differences in the site of atrial insertion result in 
sufficient differences in P wave configuration 10 permit 
than one accessory A?’ 
ring in such a way that the atrial and ventricular ends are not 
far from one another. This leads to the assumption that the 
site of origin of ventricular activation during exclusive 
anterograde conduction over the accessory AV pathway and 
of the origin of atria1 activation during exclusive retrograde 
conduction over the accessory pathway are located close 
together. The site complex during 
antidromic circus a and the site of 
origin of the P wa mic circus movement 
lachycardia should therefore “match.” In Figure 2 the 
tracings clearly indicate a large distance between the origin 
of ventricular activation and atrial activation during antidro- 
mic and orrhodromic circus move ent tachycardia. respec- 
tively. Even if the accessory AV pathway crossed the AV 
ring obliquely. one would not expect to find the major 
ple accessory AV pat 
properties are present. 
with anterograde co 
duction over more than one accessory 
atrial fibrillation requires the presence of 
separation between the ventricular insertion of the accessory 
Figure 2 (left). Case 4. A patient with a right 
and a left free wall accessory pathway. 
first pathway is used anterogradely duri 
antidromic circus movement tachycardia. 
The second pathway is used rr?rogradely dur- 
ing orthodromic circus movement tachycar- 
dia. As shown, the P wave is negative in leads 
I and aVL and positive in lead aVR. C, The 
electrocardiogram during sinus rhythm. 
Figure 3 (below). Case 4. A patient with atrial 
fibrilla!ion with atrioventricular conduction 
over a left fr.:e wall accessory pathway (left) 
and a right free wall accessory pathway 
(right). There are fusion complexes indicating 
anterograde conduction over both pathways. 
pathways. Only un er these ~~rc~rns~~~~es can t r- 
ences in patterns of ventr~~o~ar tivation be recognized. It 
ion over the AV node- 
His pathway may result in fusio mplexes falsely suggest- 
one accessory AV pathway. A 
ic to orthodromic c rcus move- 
nly be explained by the 
presence of two accessory pathways. By definition, ortho- 
dromic circus movement tacbycardia uses an accessory AV 
pathway for VA conduction. A sudden change to or from an 
antidromic circus movement tachycardia therefore r quires 
that the antidromic circus movement tachycardia also uses 
an accessory AV pathway for retrograde conduction. Simi- 
larly, the spontaneous change from on 
tachycardia toanother can only be e lained by the pres- 
ence of at least wo accessor 
ic &rugs to ai 
sory pathways. We previously reported (9,10) on the use of 
a~tiarrbytbmic drugs that prolong the anterograde refractory 
period of the accessory AV pathway to identify the presence 
of more than one accessory AV pathway. To determine the 
presence of more than one accessory pathway by using 
Figure 5. Schematic drawings illunl ?Zht; 3 spontaneous change 
from antidromic (solid tine) io orthodromic (broken 1 ircus 
movement tachycardia (A) or from one t ircus 
movement tachycardia (solid line) to anot ). As 
shown, both situations require the presence of at lext two acces- 
sory atrioventricular (AV) 
conduction occurs over the 
of a third accessory AV pathway, that structure can also be used for 
retrograde conduction during the change from one antidromic circus 
movement tachycardia to another. 
AP 2 = accessory AV pathway 2; 
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Figure 6. Case 16. Exposure of two accessory 
atrioventticular (AV) pathways by procainamide 
infusion in a patient with the Wolff-Parkinson- 
White syndrome. The top panel shows a change 
in pre-excitation pattern (most marked in lead III) 
after 250 mg of procainamide. The lower panel 
shows the disappearance of pre-excitation after 
an additional 350 mg ofprocainamide. 
different electrophysiologic properties, the pres- 
ence of two accessory AV pathways can be 
identified during the administration of procaina- 
mide. Subsequent epicardial mapping studies 
during surgery showed one pathway located pos- 
teroseptally and the other on the right free wall. 
drugs uch as ajmaline or procainamide requires I) a differ- 
ence in duration of the anterograde refractory period of the 
two accessory AV pathways; 2)a relatively ong anterograde 
refractory period of at least one of the accessory AV 
pathways (9,101; 3) the recording of several ECG leads 
simultaneously to recognize small changes in the pre- 
excitation pattern; and 4) changes inthe initial portion of the 
QRS complex (the delta wave). Antiarrhythmic drugs may 
induce bundle branch block and thereby change the QRS 
complex after the delta wave. These changes should not be 
interpreted as indicating the presence of more than one 
accessory AV pathway. 
Limitatiorns of the study. The findings reported in this 
study were obtained during a retrospective analysis in pa- 
tients shown to have more than one accessory AV pathway 
during electrophysiologic study or intraoperative mapping. 
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